Supporting text
The pre-translocation state of the maltose transporter approximates that of an archaeal molybdate transporter (ModB 2 C 2 A) (S1) in the sense that both contain a closed binding protein on the periplasmic side and a semi-open NBD dimer in the cytoplasm.
The D loop in the molybdate transporter is located near the Walker A motif, but the sidechain of the conserved aspartate is not orientated to form H-bonds with the ATP binding residues observed in the maltose transporter. The TM subunits of the molybdate transporter show a more open conformation towards the cytoplasm, exposing a putative substrate translocation pathway to the cytoplasm. Thus, it would seem likely that not all ABC transporters contain an occluded substrate binding site in the pre-translocation state.
An occluded cavity was observed in the complex of the E. coli vitamin B 12 transporter, . Unlike the pre-translocation structures of the maltose and molybdate transporters, the binding protein BtuF was in an open conformation, devoid of substrate.
Therefore, the BtuCD-F structure is likely to represent a different conformational state. Accordingly, recent studies suggested that the vitamin B 12
transporter may function through a mechanism distinct from that of the maltose transporter (S3, S4) .
Materials and Methods

Expression and purification of MalFGK 2
Three antibiotic-resistance-compatible plasmids carrying malF/malG (amp R ), malK (cam R ) and lacIq (spec R ) were transformed into the HN741 host strain, [E. coli K-structural determination of the transporter complex was also used in this study. Cells were grown at 37°C to mid-exponential phase in Terrific Broth medium and induced with 50µM IPTG at 22°C for 24 hr. After harvesting by centrifugation (4,000g for 15 min at 4°C), the cells were broken by two passes through a high-pressure homogenizer (Emulsiflex-C5; Avestin). The membrane fraction was isolated by centrifugation (80,000g for 40 min at 4°C); the resulting membrane pellets were resuspended in buffer containing 20 mM Tris-HCl pH 8, 100 mM NaCl, 10% glycerol and 5 mM MgCl 2 , and diluted to 5 mg/ml total protein content as assayed by Bradford dye. Membranes were solubilized for 4 hr. with 0.35% n-dodecyl-β-D-maltopyranoside (DDM; Anatrace). 
Crystallization of the pre-translocation state
To form the pre-translocation state complex, wild-type MBP or MBP (G69C/S337C) and MalFGK 2 (12mg/ml) were mixed at a 1.25:1 stoichiometry in the presence of 0.2mM maltose and incubated for 3hr. at 4°C. Crystals were obtained by mixing the protein sample with the reservoir solution containing 32% poly(ethylene glycol) 400, 50mM
NaCl, 40mM MgCl 2 , 100mM sodium Hepes pH 7.5, at a 1:1 ratio in sitting drops by vapor diffusion at 20°C. The crystals grew to maximum size in 5 days and were looped out of the drop and directly frozen in liquid nitrogen.
AMP-PNP soaking
Crystals were extensively washed (30% poly-ethylene glycol 400, 50mM NaCl, 10mM MgCl 2 , 100mM sodium Hepes pH 7.5) and then soaked for 12hr in the crystallization buffer supplemented with 1mM AMP-PNP before data collection.
Data collection and diffraction anisotropy correction
X-ray diffraction data were collected at the Advanced Photon Source (APS-23ID) at 100 K. Diffraction images were processed and scaled with HKL2000 (HKL Research, Inc.) (S6) . Because the diffraction data were anisotropic, the scaled data was imported into a diffraction anisotropy server that employs an ellipsoidal truncation and scaling procedure at the high resolution boundary after elimination of weak or missing reflections (S7). The pruned data was then used for structural determination.
Structure determination
The structures of MBP-MalFGK 2 were solved by molecular replacement by PHASER (S8) (CCP4 suite) using separate domains of the previously solved MBPMalFGK 2 (E159Q) structure as search models. The model was improved by manual building in Coot (S9) and initially refined with CNS (S10). Further refinement was performed in REFMAC5 (S11) with TLS parameters generated by the TLSMD server (S12). Electron density maps were calculated in CNS with a B-factor sharpening value of -70 Å 2 . TLS tensors were analyzed and anisotropic B factors were derived with TLSANL (S13).
Figure preparation
All figures were prepared with the program PyMOL (www.pymol.
org). Movies
showing morphs between states were created by eMovie within PyMOL (S14). 
Fig S8.
Crystal packing modulation during in-crystal conformational change.
Comparison of the two unique crystal contacts for the pre-T (the staring crystal) and outward-facing (after soaking) conformational states. 
